Purpose: Individuals with cerebral palsy (CP) are susceptible to early development of highburden medical conditions, which may place a considerable strain on health care resources. However, little is known about the prevalence of high-burden medical conditions or health care resource utilization among adults with CP. The purpose of this study was to determine the prevalence of high-burden medical conditions and health care resource utilization and costs among adults with CP, as compared to adults without CP. Patients and methods: Cross-sectional data from the 2016 Optum Clinformatics ® Data Mart, a de-identified nationwide claims database of beneficiaries from a single private payer in the US. ICD-10-CM diagnosis codes were used to identify all medical conditions among beneficiaries with and without CP who were between 18 and 64 years of age. Medical and outpatient pharmacy claims were used to identify annual all-cause health care resource utilization and health care costs as standardized reimbursement and patient out-of-pocket costs.
Introduction
Cerebral palsy (CP) is a neurological syndrome that represents a heterogeneous group of movement disorders. CP is the most common pediatric physical disability, with prevalence estimates of 3.1 per 1,000 children. 1 Causes of CP can vary from genetic predisposition, brain lesions, and environmental exposures that negatively affect brain development. The heterogeneous and medically complex nature of CP is due to many factors, such as timing and cause of CP, as well as comorbidities (eg, epilepsy, intellectual disabilities); however, the common feature of CP is the potential for restrictions in activities of daily living and societal integration, as well as the increased risk for health complications. Children with CP are more likely to experience an array of health and function problems compared to children without CP, including orthopedic-related issues, 2 excess body fat deposition, [2] [3] [4] and mental health disorders. 5 Although CP is considered a "non-progressive" neurological condition, CP is a chronic and lifelong condition with many people reaching normal life expectancies. 6 Having complex health care needs and health complications throughout growth could have lasting ramifications on the health status of the adult. Research has shown that health and function problems may increase in severity as children with CP transition into and throughout their adult years. [7] [8] [9] [10] Consequently, adults with CP are at risk of early development of several medical conditions that incur excess health care costs and represent a considerable patient and caregiver burden, including chronic pain, 11 heightened fracture susceptibility, 8 and non-communicable diseases (eg, cardiometabolic, mental health). 9, 10, 12, 13 There is very little knowledge about the life-course health development and healthy aging process among adults with CP, resulting in insufficient clinical care for these populations. At present, the US health care system is not well-designed to meet the greater demands imposed by individuals with neurological conditions, 14, 15 thus further increasing risk of health disparities that may otherwise be prevented or lessened. Importantly, the population of adults with CP is projected to expand in the coming decades, which may lead to a disproportionate increase in the burden of disease and economic burden attributable to CP. Therefore, characterizing the prevalence of highburden medical conditions and a comprehensive understanding of the health care economic burden among adults with CP is crucial, especially among young and middleaged adults. Such information could serve to assist health care policy reform and also to inform better clinical practice guidelines that facilitate earlier, long-term, and costeffective care for the aging population with CP. Using a single private payer administrative claims database, the objective of this study was to determine the prevalence of several high-burden medical conditions and to descriptively characterize health care resource utilization and costs among young and middle-aged adults with CP, as compared to young and middle-aged adults without CP. We hypothesized that adults with CP would have a higher prevalence of all medical conditions, higher health care resource utilization, and higher health care costs compared to adults without CP. 
Material and methods

Data source
Sample selection
Data were obtained from the most recent available year, 2016. Beneficiaries who were between 18 and 64 years of age, had 12 full months of continuous enrollment, and had at least one service utilization were considered for this investigation. ICD-10 codes were used to identify all medical conditions, which were identified using a single claim at any position, and are presented in Table 1 . The single claim-based definition has shown good accuracy for identifying pediatriconset conditions using administrative claims data, with sensitivity of 99% and positive predictive value of 79%. 16 Data regarding severity of CP using common clinical measures (eg, gross motor function classification system) are not available in administrative claims. Further, more than 70% of the cohort had "other" or "unspecified" CP, thus not allowing us to stratify or account for the clinical subtypes of CP (eg, spasticity/athetoid, hemiplegic) in the current study.
Medical conditions
Prevalent high-burden medical conditions were selected with guidance from the literature on disease, disability, and mortality among adults. 8, 9, [17] [18] [19] [20] [21] [22] [23] [24] Medical conditions included were pain, all-cause fracture at any location, and several noncommunicable diseases grouped into the following categories: 1) ischemic heart diseases; 2) cerebrovascular diseases; 3) hypertensive and other cardiovascular diseases; 4) type 2 diabetes mellitus; 5) malignant cancer; 6) osteoporosis; 7) osteoarthritis; 8) mood affective disorders; 9) anxiety disorders; 10) chronic kidney diseases; and 11) liver diseases.
Health care resource utilization
Annual all-cause health care resource utilization was identified using medical claims and categorized into the following Table 2 . Measures to assess health care resource utilization included the percentage of patients that had at least one service utilization and the mean count of service utilization. To limit extreme values and to reduce the effect of possible spurious outliers, winsorization of data to the upper 99.9% was performed for each service category.
Health care costs
Annual all-cause health care costs were identified using medical and outpatient pharmacy claims, and were from the paid amounts of adjudicated claims. The adjudicated claims included payer payments and patient copayments, deductibles, and coinsurance. Medical, outpatient pharmacy, and total (medical + outpatient pharmacy) all-cause health care costs were represented as standardized reimbursement (sum of all health plan and patient paid amounts) and patient out-ofpocket (sum of copayment, deductible, and coinsurance) costs.
To account for differences in pricing across health plans and provider contracts, the standardized cost field involves algorithms that reflect the allowed payment amounts across all provider services. This allows comparisons across patients, data sources, and geographic areas, and accounts for contractual payer and provider differences. Price standardization accounts for quantity of services provided, relative resource costs involved in providing the services, and the nature of the service which can be defined as the CPT/ HCPCS codes for professional services, NDC for pharmacy service, or type of admission for the inpatient stay.
Sociodemographic variables
Age, sex, ethnicity, education level, household annual income, and insurance coverage (ie, commercial only, Medicare Advantage) were available from the database and were considered for risk adjustment.
Statistical analysis
Descriptive characteristics, medical conditions, and health care resource utilization and cost measures were summarized using mean (SD) for continuous variables and percentage (95% CI) for categorical variables.
Chi-squared tests were performed to determine group differences for each of the medical conditions. Then, we constructed multivariable logistic regression models to determine the OR for each medical condition with group (reference: without CP) as the primary exposure variable, while controlling for age and sex. The main effect of group was interpreted. Since OR does not approximate relative risk when outcomes have prevalence estimates of more than 10% and an adjusted OR more than 2.5, we applied a correction formula for outcomes that met both criteria to more appropriately interpret the relative risk, as previously described. Unadjusted group differences for health care resource utilization measures were examined using chi-squared tests for binary data and generalized linear models assuming a zero-inflated Poisson distribution (for non-utilization) and log-link function for count data. Generalized linear models with gamma distribution and log-link function were performed to estimate the cost ratios (CRs) (exponentiated form of parameter estimate) for explanatory variables, as previously recommended. [26] [27] [28] The main effect of group was interpreted before and after controlling for potential confounding factors including age, sex, insurance coverage, and all medical conditions. Adjusted models were developed for total standardized reimbursement costs and total patient out-of-pocket costs. Logistic and generalized linear models did not control for ethnicity, education level, and household annual income to limit bias because of the extent of missingness/unknown. However, we conducted a sensitivity analysis by further adjusting the multivariable regression models for ethnicity, education level, and household annual income for individuals with complete data.
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Finally, we stratified results by sex for unadjusted prevalence of medical conditions and unadjusted health care resource utilization and cost measures. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). Effect estimates were reported as ORs or CRs with 95% CI. P≤0.05 (two-tailed) was used to determine statistical significance.
Results
Descriptive characteristics and prevalence of medical conditions for adults with CP (n=5,555) and without CP (n=5,531,366) are presented in Table 3 . Adults with CP had a higher prevalence of all medical conditions compared to adults without CP (all P<0.001), except for malignant cancer (P=0.74). The adjusted ORs for each medical condition are presented in Figure 1 . After adjusting for age and sex, adults with CP had higher odds of pain, fracture, ischemic heart diseases, cerebrovascular diseases, hypertension and other cardiovascular diseases, type 2 diabetes mellitus, osteoporosis, osteoarthritis, mood affective disorders, anxiety disorders, chronic kidney diseases, and liver diseases (ORs=1. 25-5.76 ; all P<0.05), but not malignant cancer (OR=1.10; 95% CI=0.96-1.27).
Health care resource utilization is presented in Table 4 . Adults with CP had a higher prevalence of having at least one service utilized in 2016 compared to adults without CP for inpatient visits, outpatient and other visits, emergency department visits, office visits, and ancillary use (all P<0.001). Adults with CP had a greater annual mean count of service utilization compared to adults without CP for inpatient visits (3.0±8.2 vs 0.4±2.5), outpatient and other visits (16.6±20.9 vs 7.4±10.3), emergency department visits (1.0±1.9 vs 0.3±0.9), office visits (6.7±6.4 vs 4.0±4.6), and ancillary use (9.4±27.0 vs 1.4±5.8) (all P<0.001).
Unadjusted all-cause health care costs are presented in Figure 2 . The standardized reimbursement costs ( Figure 2A ) were higher for adults with CP compared to adults without CP for total (mean difference=$16,288; CR=2.96; 95% CI=2.85-3.08), medical (mean difference=$13,732; CR=3.05; 95% CI=2.93-3.18), and pharmacy (mean difference=$2,556; CR=2.42; 95% CI=2.30-2.53). The patient outof-pocket costs ( Figure 2B ) were higher for adults with CP compared to adults without CP for total (mean difference= $778; CR=1.65; 95% CI=1.60-1.70), medical (mean difference=$655; CR=1.77; 95% CI=1.71-1.84), and pharmacy (mean difference=$123; CR=1.40; 95% CI=1.35-1.45). All-cause health care costs after adjusting for age, sex, insurance coverage, and all medical conditions are presented in Table 5 . Adults with CP had higher total standardized reimbursement (CR=2.54; 95% CI=2.46-2.63) and patient out-of-pocket (CR=1.75; 95% CI=1.70-1.81) costs compared to adults without CP.
The results of the sensitivity analysis (n=3,543,139) found that additional covariate adjustment for ethnicity, education level, and household annual income did not alter interpretations for the main effect of group for most medical conditions that were higher in the primary analysis, and increased adjusted CRs for total Unadjusted prevalence of medical conditions and unadjusted health care resource utilization and costs stratified by sex are presented in Table 6 . The main findings were consistent across females and males with vs without CP, except for the similar prevalence of ischemic heart diseases and type 2 diabetes among men with and without CP.
Discussion
The chief finding of this study is that privately-insured young and middle-aged adults with CP had higher prevalence of various high-burden medical conditions and higher economic burden compared to adults without CP. The excess health care costs were evident even after accounting for costly medical conditions. These findings provide large, national-level data to support the need for earlier screening strategies and preventive medical services for populations with neurological conditions. 9, 13 Improved clinician awareness of the lifecourse health development and more efficient medical referral systems could prevent, minimize, or lessen the burden of medical conditions for patients with neurological conditions. This is particularly pertinent for populations with pediatriconset disabilities, such as CP, as these individuals may be Group differences were tested using generalized linear model with zero-inflated Poisson distribution and log-link function. c Group differences were tested using chi-squared tests.
unhealthy for longer, incur higher lifetime health care costs, 29 and impose greater lifetime health care resource utilization than individuals without CP. In the current study, while we found profound health disparities of all medical conditions, except for malignant cancer in the primary analysis, adults with CP had exceedingly higher odds of osteoporosis and cerebrovascular diseases compared to adults without CP. The findings for osteoporosis are not surprising. Children with CP have poor motor control 30, 31 and low physical activity levels, 2 and are predisposed to mobility decline as they transition into and throughout adulthood. 7 This inevitably leads to inadequate mechanical loading -the primary stimulus for musculoskeletal development. Indeed, children with CP have a blunted accretion of muscle and bone 2,32 as early as their second year of life, 33 and a higher degree of fat infiltration within skeletal muscle and bone marrow. 2 This underdeveloped musculoskeletal profile not only increases poor preservation of musculoskeletal tissue and fracture risk throughout the lifespan, 8, 9 it is also implicated in the pathogenesis of obesity Notes: Generalized linear models with gamma distribution and log-link function were performed to estimate adjusted CRs and 95% CIs, which is the exponentiated form of the parameter estimate. Models were adjusted for all variables in the table.
and obesity-related health complications.) 34 Evidence suggests that children with CP have poor cardiorespiratory fitness 35 and excess body 4 and abdominal 3 fat compared to children without CP. Excess body fat in childhood is a strong predictor of cardiometabolic morbidity and mortality in adulthood, 36, 37 and elevated abdominal fat may have a unique and profound influence on cardiometabolic disease processes. 38 Further, individuals with CP have higher cardiovascular-related mortality compared to individuals without CP. 39, 40 Study findings corroborate this previous literature, as we found that adults with CP had higher adjusted odds of all cardiometabolic disease groups in the primary analysis. However, the sensitivity analysis revealed that the increased risk for ischemic heart diseases and type 2 diabetes, but not cerebrovascular diseases, was partially accounted for by ethnicity, education level, and household annual income, which are proxy measures of socioeconomic status. Further, after stratifying by sex, women, but not men, with CP had a higher prevalence of ischemic heart diseases and type 2 diabetes compared to their respective comparison group.
Further research is needed to delineate the association of these medical conditions with socioeconomic factors and sex among adults with CP.
In the current study, we found that adults with CP had higher adjusted odds of pain, osteoarthritis, depressive disorders, and anxiety disorders, which is consistent with previous studies. 5, 9, 10 Pediatric chronic pain is associated with increased risk for lifetime depressive and anxiety disorders. 41 Further, osteoarthritis may exacerbate pain, which can negatively affect function and activities of daily living, 42 thus posing another mechanism for adverse mental health processes and low social participation. We also found that adults with CP had higher odds of chronic kidney and liver diseases, and to our knowledge, this is the first report of increased risk for these outcomes in the CP population. Since cardiometabolic diseases are implicated in the decline of kidney function, our findings of elevated cardiometabolic diseases may provide insight regarding mechanisms. Liver diseases are caused by a variety of factors, such as problems with immune function, genetic predisposition, diabetes, and excess body fat, all of which are not uncommon problems among the CP population. 4, 43 Interestingly, while risk for ischemic heart diseases and type 2 diabetes was partially accounted for by proxy measures of socioeconomic status, chronic kidney and liver diseases remained elevated after adjusting for these variables. Future research is needed to determine the extent to which cardiometabolic diseases are associated with chronic kidney and liver diseases among adults with CP. Taken together, while neuromuscular and musculoskeletal problems are evident early in childhood for individuals with CP, they lead to later-life musculoskeletal diseases 8, 9 and may be responsible for initiating or exacerbating the development of several other medical conditions through direct and indirect (eg, physical activity) mechanisms. Study findings suggest that CP does not just affect one system, but has pathophysiological processes across several biological systems, which may become integrative throughout the aging process.
In the current study, we found that adults with CP had higher annual usage for all medical service categories. We also found that adults with CP incurred costs that were almost three times higher for standardized reimbursement costs and 1.7 times higher for patient out-of-pocket costs compared to adults without CP. Since high-burden medical conditions by themselves lead to greater health care costs, we statistically controlled for all medical conditions, and still found that adults with CP had excess health care costs that were 2.5 times higher for standardized reimbursement costs and 1.8 times higher for patient out-of-pocket costs. These findings suggest that factors other than high-burden medical conditions are contributing to the higher health care costs; however, there may be other costly medical conditions not examined in this study that are more prevalent among individuals with CP.
Both unadjusted and adjusted CRs were higher for medical and pharmacy claims among adults with CP compared to adults without CP, but the CRs were more profound for medical than pharmacy for standardized reimbursement costs (CR=3.05 and 2.42, respectively) and patient out-of-pocket costs (CR=1.77 and 1.40, respectively). From a systems-level perspective, these findings suggest that health plans are accommodating some, but not all, of the medical needs of adults with CP. This is supported by the greater likelihood that adults with CP had Medicare Advantage health plans compared to adults without CP (58.5% vs 6.9%), which may include greater cost reduction plans.
There are several limitations that need to be discussed. First, it was not possible to determine severity of CP using administrative claims data. However, the overall CP sample likely represents a healthier and higher functioning segment of the CP population. 44 This may bias results to be more conservative estimates and lacks generalizability to the entire CP population. To be enrolled with a private health insurance plan, beneficiaries purchase their own plan or are covered through their employer, parents (up to 26 years of age), or their spouse. Individuals with pediatric-onset disabilities, such as CP, tend to have low employment and marriage rates, 45 which is likely to be more problematic with more severe forms of CP. Further research is needed to examine differences in outcomes across different databases, such as Medicare and Medicaid. Second, we used a single claim to identify CP and high-burden medical conditions. While validation studies have shown that two claims for a medical condition improves ability to identify individuals with that medical condition, 16, 46 single claim-based algorithms have been reported to have moderate-to-high positive predictive value (~80%) and high sensitivity (99%) to detect pediatric-onset conditions, 16 and moderate-to-high sensitivity (up to 99%) and specificity (up to 87%) to detect a variety of high-burden medical conditions; 47, 48 however, the accuracy of identifying conditions using claims data depends on the length of the study period 49 and the medical condition examined. 16, 47, 49, 50 Given the short study period of 12 months to extract data and the large and robust effect sizes, the selected methodology to identify associations is likely sufficient to provide evidence of health disparities and economic burden. Third, administrative claims data are naturally subject to errors, such as inaccurate coding of medical diagnoses. Fourth, due to comorbidities associated with CP (eg, communication impairments, intellectual disabilities), evaluating and diagnosing certain medical conditions may be challenging for this population. Pain and mental health disorders are subject to such challenges as they require intrapersonal awareness and communication of these problems. Fifth, due to the study design, we were unable to determine the temporal sequence of high-burden medical conditions and determine which condition is manifested first, which could influence treatment strategies. Sixth, there is a possibility that the cost data are inflated compared to other health plans (eg, Medicare) since private payers could have increased services and preventive measures.
Conclusion
Study findings from a single private payer administrative claims database suggest that young and middle-aged adults with CP have a substantially higher prevalence of several high-burden medical conditions, higher health care resource utilization, and higher health care costs compared to young and middle-aged adults without CP. Study findings could inform health plan administrators, policymakers, and early patient-and clinical-decision making processes and strategies to maximize resourceand cost-effective treatment. For example, findings highlight the need for adopting earlier screening strategies for medical conditions, improving clinician awareness of the disease burden, and developing efficient referral processing in order to minimize the patient, caregiver, and health care burden of medical conditions. Future research is needed to determine the etiology and pathophysiology of these high-burden medical conditions and the temporal sequence of disease acquisition. For example, if musculoskeletal diseases are causing or exacerbating other high-burden medical conditions, future efforts are needed to optimize musculoskeletal health for individuals with CP.
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